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O.yHAVIIpT: TEE QUARTEX-CHORD L~EWEpTMCK45° 

By Carl D. Kolbe and Angelo Bandettinf 

STJMMRY 

An investiga$ion has been made to evaluate the effect of Reynolds 
nu&er and %ch zzmiber cm the aerodynsmic characteristics of a horizon- 
tal tail of aspect ratio 3 equipped with a plain, sealed, full-span 
elevator. The 1iIl8 joini- the quartexhord pointS Of the airfoil S8C- 
tions was swept back 45O and the sections perpendicular to this line were 
the I?AcA 64AOlO. 

Increasing the Reynolds nuiber from 2,000,OOO to 18,000,000 at a 
Mach number of 0.25 resulted in a sizable reduction in the drag coeffi- 
cient at mderate to high lift coefficients. Witb.inthis range of 
Reynolds nmibers the lift characterfstics of the horizontal tail were 
little affected by dymmic scale, but the Mnge+nomlt and pitching- 
moment characteristics of the tail were affected by changes in the 
Reynolds number, especially at the higher angles of attack or elevator 
deflections. 

Increasing the &ch nu&er from 0.25 to 0.94 for constant Reynolds 
nmtibers of 2,OOO,OOO and 4,ooO,OOO caused an increase in the lift-curve 
Sl6,pe ti in the el8VatOr 8ff8CtiVelleSS. In general, th8 hinge+nomnt 
coefficient resulting from either an&8 of attack qr elevator deflection 
increased in magnitude with fncreasing &ch nmiber. The Mach nuniber at 
which rapid changes in the elevator hing8+nomnt coefficient OCCUrr8d was 
dependent upon the sm.&e of attack and the elevator deflectfon. 

INTRODUCTIOW 

A systematic Westigation has been undertaken at the Ams Aer+ 
natiical Laboratory to determine the effects of plan form on the 
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control-effectiveness and the hingwmomnt parameters of horizontal tails 
having full-span trailWg-edge flaps. References l-through 7 present 
results of wind4um8ltests of both swept and unswept horizontal tails 
of several aspect ratios, all having the sam tap8r ratio and airfoil 
section as the subject model. 

As a part of this investigation the tests reported herein were come 
ducted to evaluate the effects of compressibility and of Reynolds number 
on the control+xmface characteristics of a horizontal tail having 45O of 
sweepback. Since this model also represents a wing with a full-span 
flap, drag and pitcwmnt data are included in addition to the lift 
and hing-omnt data. 
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NOTATION 

aspect ratio 

semispan, measuredperpendiculartothe plane of symtmtry, 
feet 

drag coefficient 

elevator himmnt cpefficient 
elevator hinge mount 

aMA 

lift coefficient lift 

( > qs 

pitching-mrxznent coefficient about the quarter point of the ~lleart 

aerodynamic chord 
( 

pitching molnent 
qsF > 

chord, measured parallel to the plane of s-try, feet 

mean aerwc chord feet 

chord of elevator behind the hinge line measured perpendicular 
to the hWge line, feet 

maximum lif+t&ag ratfo 

Mach number 
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first mmnt about the hinge Hue of the elevator area behind 
the hinge line, feet cubed 

pressure coefficient acros8 the elevatmose seal (preesure 
below the seal &us the pressure above the seal divided by 
the free-stream dy2amI.c pressure) 

free-stream dyns&c pressure, pounds per square foot 

Reynolds nuniber, baS8d on the mean aermc chord 

horizontal-tail B;pea, square feet 

lateral diStall'28 perpendicular to the plane of symmetry, f88t 

corrected angle of attack, degrees 

angle of attack, uncorrected for tunnel-wall interference and 
angle-of-ttack counter correction, degrees 

reduced aspect ratio (=A) 

elevator deflection (positive to increase lift) measured in a 
plane normal to the elevator hinge line, degrees 

&L ( > x&j=, 

s 
( 1 &L 6=0 

I (measured at a = 0), per de-8 

I 
(measured at 6 = 0,) per degee 

(masured at CL = 0) 
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The subscripts after the parentheses represent the factors held constant 
during the msasuremsnt of the parameters. 

The model used in this investigation represented a horizontal tail 
of aspect ratio 3 and taper ratfo 0.5. The geometric properties of the- 
model are shown in figure 1. Ths airfoil 88cti0n ~a8 the mx 64~010 
(table I) in planes inclined 45O to the plane of s-try. The line 
joining the quarter-chord points of the airfoil sections was swept back 
450. This line was at 29.63 percent of the chord parallel to the plane 
of symmetry (table II). The tip of the model horizontal tail was formed 
by a half body having a diarmter equal to the correspondFng thickness of 
the tip section. 

The stabilizer of the model was constructed of a tin-bismuth COP 
pound bonded to a laminated steel spar. The model was equfpped with a 
full-span, radius-nose, sealed elevator machined from solid steel. The 
chord of the elevator was 30 percent of the IGXA 6&010 section chord. 
The- ratio of the elevator area behind the hinge-line to the total area of 
the model was 0.253. The model was mounted vertically with the tunnel 
floor serving as a reflection plane as shown in figure 2. The gap 
between the elevator and the tunnel floor was approximately 0.02 inch 
when the elevator was mdeflected. The juncture between the stabilizer 
and the tunnel floor was sealed with a rubber gasket. The elevator was 
attached to the stabflizer by three hinges. one hinge was located 6.4 
percent of the semispan below the plane of syrrrmetry, while the other two 
were at 50.2 and go.6 percent of the semispan above the plane of symmetry. 
The latter two hinges and a closMitting block at the plane of symmetry 
divided the balance chamber into three separate sections. The gap 
between the elevator nose and the stabilizer was sealed with a rubber 
diaphram. This balance chaziber seal was closely fitted to the ends of 
each chamber to reduce.leakage to a minimum. Details of the balance 
dumber are shown in figure 1. The turntable, to which the model was 
attached, was directly connected to the fore-asuring apparatus. The 
elevator hinge molnents were measured by means of a resistance-type. 
electric strain gage located immgdiately under the lower elevator hinge. 
The elevator was positioned wtile the tunnel was in operation by a 
remotely controlled electric drive motor mounted below the tunnel floor. 

Tests of the model horizontal tail were conducted in two different 
sequences. In the first series of teats, the- elevator deflection was 



mxm~5m2 5 

maIntained at constant values and the angle of attack was varied from 
-100 to 300. For the second series of tests, the angle of attack was 
maintained at O" and the elevator deflection was varied from -16O to 16~. 
These angle ranges were reduced at the higher Mach numbers a&Reynolds 
numbers where wind-tunnel power limitations prevented testing at the 
higher angles. The aeroelastic effects on the model due to angle of 
attack or elevator deflection are believed to be small. The elevator 
deflections referred to in this report were measured in a plane perpen- 
diculartothe elevator+inge line. The followzIng equation relates 
these elevator deflections to the deflection in streamwise planes: 

where 

611 elevator deflection measured in the stream&se direction 

4l sweep angle of the elevator hinge line, 38.&O 

Tests to Evaluate the Effects of Reynolds Nmber 

The effects of Reynolds number on the lift, drag, pitching moment, 
and elevator hinge moment were masured at a Mach number of 0.25 for 
Reynolds nmfbers of 2,000,000, 4,000,000, ~,OOO,OOO, 12,000,000, and 
18,000,000. At higher Mach numbers, data were obtained at Reynolds 
nkbers of 2,000,OOO and 4,000,000. T%e scope of the investrLgationthat 
was made to study the effects of Reynolds number on the subject model is 
presented in the followWg table: 

Coefficients M R %l 6 

CL,ChrCm>CD 0.25 2,000,000 
to 18,000,000 

-loo to 3o" o", woo, f30° 

cL,ch'cm -25 
2,000,000 

to 18,000,000 O0 -So to 16O 

c! ,c ,c ,c 0.60, 0.80, 2,OcD,oOO 
L h m II 0.90, 0.94 and 4,000,OOO 

-loo to 3o" O0 

cL,ch& 0.60, 0.80, 2,(333,m 0.90, 0.94 and4,cKJo,ooo O0 -16' to 16' 
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Tests to Evaluate the Effects of B&h Ember 

The effects of compressibility on the lift, drag, pitching aomnt, 
hinge moment, snd the pressure difference across the elevator-nose seal 
were measured at a Reynolds nmiber of 4,000,OOO at Mach nunibers of 0.25, 
0.60, 0.80, 0.85, 0.9, 0.92, and 0.94. The scope of this phase of the 
investigation is indicated in the following table: 

Coefficients M a, 6 

0.25 -10' to 30’ 6’ to -30’ 

.60 -IO' to 30' 6' to -30' 

.80 do0 to 18' 6" to -30' 
cL> s.9 cm9 

CD, =d$ 
.85 -loo to 14O 6O to -30~ 

.90 -10' to ~2~ 6O to -30’ 

092 -loo to x0 6O to -30~ 

-94 a0 to B” 6Oto e" 

0.25,o .60, 
CL> (&> c, 0.80,0.go, 00 16O to -16' 

and 0.94 

Tests to Evaluate the Effects of Standard Roughness and of 
the ElevatHose Seal 

Tests were also made to evaluate the separate effects of standard 
lading+dge roughness (reference 8) and of removtng the elevator-nose 
seal on the lift, drag, pitchingimamnt, and elevator htngemmnt 
characteristics. Data were obtained at a Reynolds nux&er of 4,OOO,ooO 
over the an&-f-attack range at Mach m&era up to 0.94 and over the 
elevator deflection range at O" angle of attack for Mach nmibers of 0.25, 
0.60, 0.80, 0.90, and 0.94. 

CORRECTIOIIS TO DATA 

The data were corrected for the effects of tunml-wall interference 
resulting from liti on the model by the method of reference 9, using the 
theoretical span loading calculated by the methods of reference 10. The 
corrections that were added to the angle of attack and the drag coeffi- 
cient were: 
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da= 0.769 CL, degrees 

LCD = O.Olog CL’ 

Ho attempt was made to separate the tunuel+wall-iinterference effects 
resulting from lift due to elevator deflection from those resulting from 
lift due to sngle of attack. No corrections were applied to the hinge- 
mount or the pitching-moment data, but the effects of tunnel.. inter- 
ference on these data are believed to be smsll. 

Certain data in this report are presed-ed for values of uncorrected 
angle of attack au. The relation between the corrected and wocrected 
angle of attack is as follows: 

a = 0.99 a~ + Aa 

The constant 0.99 is the ratio between the geometric angle of attack and 
the uncorrected reading of the angle-of-attack counter, and the factor 
Aa is the correction for the tunnel-wall interference. The uncorrected 
angle of attack does not differ from the corrected value by more than 0.8' 
for any of the test data presented. 

The constriction effects due to the presence of the tunselwalls 
xere evaluated by the lnethod of reference ll and were not modified to 
allow for the effect of sweep. The following table shows the magnitude 
of these corrections: 

Corrected Uncorrected acorrected 
Machnun&er Mach nu&sr %ncorrected 

0.250 0.250 1.003 
.6cm 1.004 
:g :;;; -843 1.010 1.008 

:gg 1.018 1.014 

-920 1.022 

Pressures measured at orifices in the wind4unnelwalle were used to 
determine the test conditions at which wInd4unnel choking may have 
influenced the data. !.The positions of the tuunel*ll pressure orifices 
relative to the Illlode are shown in figure 3. It was noted that a local 
Mach n-81 of unity was attained at the wind-rtunnel wall at a free-stream 
Mach number consfderably less than the maximum free-tream Mach number 
thatcouldbe obtained. This suggeststhatpartial choking ofthetunnel 
existed at Mach numbers below that for which a normal shock wave extended 
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across the test section. Some of the data were obtained at test condi- 
tions for which the local Mach number at the aind-tunnelwall exceeded 
unity. These data are included in the figures but are faired with 
dotted curves to indicate that they may have been influenced by wind- 
tunnel choking. 

Approximate corrections to the drag were made to compensate for the 
drag force on the exposed turntable. These corrections were determined 
from tests with the model removed from the turntable. The corrections 
are presented in the following table: 

R X10+ M % 
2.0 0.25 0.0028 
2.0 ,60 .0030 
2.0 .80 l m33 
2.0 

E:E 
:g 

~036 
.0038 

025 .0028 

44:: :E .0030 .0033 

,":: .85 *go .0034 .0036 
ko" 

8:o 

:;4' 00037 

l 25 :Z! 
12.0 l 25 do23 
18.0 025 .0022 

IVo attempt was made to evaluate tares due to possible interference 
between the model and the turntable. 

REST ARD DISCTBSIOR 

The effects of Reynolds number on the low-speed aeroaynamic charac- 
teristics of the model are shown in figures 4 through 8 and me summarized 
in figures 9 and 10. The effects of increasing the Reynolds ruutiher from 
2,000,OOO to 4,OOO,OOO at E&ch nu&ers up to 0.94 are shown in figures II 
and 12. The results of tests conducted to evaluate the effects of Mach 
n&r at a Remolds number of 4,000,OOO are presented in figures 13 
through 21 and are swrized in figures 22-and 23. 

Data from tests conducted to evaluate the separate effects of 
leading-edge roughness and of the elevate-ose seal are presented in 
figures 24 and 25 and are s ummarized in figure 26. 



Effect of Reynolds Number 

&ch number 0.25.- The effects of increasing the Reynolds number 
from 2,000,OOO to 18,000,000 at a Mach number of 0.B on the lift, drag, 
pItchlwment, and elevator hinge-moment characteristics are presented 
in figures 4 through 8. In general, the effects of Reynolds number on 
the aerodynamic characteristics of the model were small. At the higher 
angles of attack or elevator deflections, increasing-the Reynolds n&r 
delayedthe onset of separatfononthewingtohighervsluss of lift 
coefficient as evidenced by the drag data of ffgure 7. This saay3 effect 
of Reynolds number is noted in the hi-men-t data of figure 5. 

The effects of Reynolds numiber on the lfft and moment psrameters of 
the horizontal tail are s ummarized in figure 9. These parameters, which 
are measured at zero lift, are further evidence of the lack of dyne&c- 
scale effect on the characteristics of this model at low lift coeffi- 
cients. 5 effect of Reynolds number on the drag of the model is suzp 
marized in figure 10. These data show that, at moderate to high lift 
coefficients, fncreasing the Reynolds number resulted in sizable reduc- 
tfons in the drag coefficient. 

Mach numbers 0.60, 0.80, 0.90, 0.94.- The effects of en increase in 
Reynolds number from 2,000,OOO to 4,000,OOO at Mach numbers up to 0.94 on 
the aerodynamLc characteristics of the model with the elevator undeflected 
are presented in figure 11. The effects of increasing Reynolds nu&er on 
lift, hinge-moment, and pitcwment coefficients as functions of 
elevator deflection for O" angle of attack sre presented dn figure 12. 
In general, the increase inReynolds number from 2,000,OOO to 4,000,OOO 
caused only small changes in the aerodynamic characteristics of the model. 

Effect of Hach Number 

The aerodynsmic characteristics of the horizontal tail at a Reynolds 
nuniber of 4,000,OOO are presented in figures 13 through 21 for Mach n= 
bers from 0.25 to 0.94. 5 effects ofI&chnuziber onthe lift, hinge- 
moment, pitchivzent, and drag characteristics are sm ized in 
figures22and23. 

Lift .-The variation of lift coefficient with angle of attack for 
vsriozlevator deflections is presented in figure 13. These data show 
that the elevator was effectfve in producing changes in lift throughout 
the elevator4eflectionandangle~f-attackrange. 
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The variation of lift coefficient with elevator deflection at an 
angle of attack of O" is presented in figure 14. The range of elevator 
deflection over which the elevator effectiveness remained constant 
decreased with increasing MEbch number. 

The variations of the paramters Q and Cu with %ch nu&er 
are compared with values predicted from theory in ffgure 22. The theo- 
retical variation of CL with Mach nu&er has been calculated by the 
method of reference 10 aud CL, has been calculated by the method 
described in appendix A. The methods are based on a sLm@ified lifting- 
surface concept and are mdffied to account for the effects of coqpresai- 
bility by the Prandtl-Glauert relationship. Being subject to these two 
limftatims, the theoretical values are terminated at a Mach nmiber of 
0.85 beyond whfch Plach nuniber the theory is not believed applicable for 
an airfoil having as low an aspect ratio as the subject model. The 
stabilizer effectiveness parameter C& increased fromO.&9 per degree 
at a Mach number of 0.25 to a value of 0.067 per degree at a Msch nmiber 
of 0.94. The theoretical values of CL are in good agree-& with the 
experinvsntal values at &ch numbers up to 0.85. 

At a Mach nuziber of 0.94, the elevator effectiveness parameter CL~ 
had increased approximately 20 percent over the value obtained at a &ch 
nuziber of 0.25. 5 variation of Q with Mach mmilxr was predicted by 
mans of method 2, reference 12, and was modified to account for the 
effects of compressibility through the application of the Prsndtl4Lauert 
rule. The agreem3ntb&weenthetheoretical curve andthe experimental 
data in figure 22 is considered good. An explanation of the application 
of the Praudtl-Glauert ruletothe predictfon of CQ, C&andCm is 
given in appendix A. 

Hinge moment .- The variati.on of elevator hInge+oment coefficient 

with angle of attack for various elevator deflections is presented fn 
figure 15. Figure 16 presents the variation of elevator hIng+monujnt 
coefficient with elevator deflectian for 0' angle of attack. These two 
figures show that the variation of elevator hin@;e-mome nt coefficient was 
approximately linear through O" angle of attack and O" elevator deflec- 
tion for all Mach mmbers. Increasing the Mach number to 0.94 resulted 
in an increase in the absolute values of the slopes of the hinge-mommt 
curves andareductioninthe sngularrange overwhichthe hinge-momnt 
characteristics were linear. 

The Mach mmiber at whfch rapid changes occurred in the elevator 
hinge-moment coefficfents was dependent upon-the elevator deflectfon and 
angle of attack. This is illustrated in figure 17(a) which presents the 
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variation of elevator hinge-moment coefficient with Mach nu&er for 
several uncorrected angles of attack at O" elevator deflection and in 
figure 17(b) which presents the variation of elevator hiwment coef- 
ficient with Mach nmiber for seversJ. elevator deflections at au uucor- 
rected angle of attack of O". 

5 hinge4um3n-t parameters C& aud Cm. are presented as a 
function of Nach nmiber in figure 22. The l-peed value of Cb was 
approximately -0.0030 snd was little affected by compressibility up to a 
Mach number of 0.9. With further increase in Mach nmiber the value of 
C& changed rapidly, attaining a value of -0.0040 at a Mach nuui&r of 
0.94. At low Mach nunibers, the value of C& was approximately -0.0070. 
The value of ch,- becam more negatLve with increasing Wch nu&er, 
particularly above 0.90, and at a Mach number of 0.94 had attained a 
value of -0.0095. Method 2 of reference 12, mdified to account for the 
effects of compressfbility, was used to predict the variations of C& 
and Ca tithMachnu.&er. These data are presented as dashed curves in 
figure22. The agreement of the theoTetical values of C& with the 
experimental data is excellent. 5 theory predicts a value of CM 
which is less ne&Tve than the experimental value, but the predicted 
variation of Ch, with Mach nuuder is in good agreement with the 
experWntal data. 

Pressure difference across the elevator-nose seal.-Figure 18 shows 
the effects of elevator deflection and angle of attack cm the pressure 
difference across the elevatolcnose seal & various Mach nuvibe&. The 
differences in balancing pressure at the various spsnwise stations are 
believed to be the result of the spszwise distribution of loading, 
leakage around the ends of the seals at the hinges, and imperfectfons in 
the alinement of the balance-cmer cover plates. 

limpection of the data in figure 18 shows that the rate of change of 
the pressure coefficient across the elevatol--nose seal with elevator 
deflection decreased at large angles of attack or elevator deflections. 
IncreasIng the Mach nuxder decreased the range of angles at which 
increases Fn balsncing pessures accompanied increases in deflection. 
These data indicate that, if the elevator were equippedwith a sealed 
internal nose balance, the resulting hinge+mment characteristics of the 
balanced elevator would be nonlinear at the higher Mach nuxihers and that 
onfyasmall amount of balancfng effectiveness would exist at elevator 
deflections greater than about 6O or 8' at Mach mm&era above 0.90. 

Pitching moment.- The pitchingsnoment coefficients about the quarter 
point of the wing mean aerodynamic chord are presented in figure 19 as 
functions of lift coefficient. The vsriation of pitching+mment coeffi- 
cient with elevator deflection at O" angle of attack is presented In 
figure 20. 
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The data presented in figures 19 and 20 are surmnarized in figure 22 
WhWt3 %L and % are presented as functions of Mach nuniber. Since 
the subject model has neither camber nor twist, the values of Cq 

presented in figure 22 are indicative of the chordwise position of the 
aerodymmic center. As the Mach number was increased above 0.25, the 
aerodynamic center moved rearward, the rate of remwar d movement increas- 
ing rapidly as the Mach mmiber was fncreased above 0.80. Calculations by 
the method of reference 10 fndfcate a value of CmcL which is zero for a 
Mach mmiber of zero with a slight increase to a positive value as the 
Mach number is increased. This theory considers only the effect of COW 
pressibility on the spanwise location of the center of pressure. 5 
disparity between the theoretical snd experimental values of CqL may 

be due to differences between the theoretical end the experiraental span- 
tise location of the center of pressure or to the fact that the theory 
does not take into account the effects of compressibility on the chord- 
wdse location of the wing center of pressure. 

5 pitch-ment effectiveness parroter C* changed from 
4I.0073 at a Mach number of 0.25 to a.0127 at a Mach nuniber of 0.94. 
The values of Cmg pr edicted by the x&hod described Fn appendix B are 
shown in figure 22. The agreement between theory and experiment is good 
at the lower Mach numbers, but the measured effects of compressibility 
are greater than those predicted by the theory. 

Drag.- The drag data of figure 21 are summarized in figure 23 where 

the drag coefficient for constant lift coefficients, maximum lift-to-drag 
ratio, and the lift coefficient at which the maximum liftiirag ratio 
occurred are presented as functions of Mach nu&er for 0' elevator 
deflection. The Mach nwriber for drag divergence, defined as the Mach 
number at which k&M = 0.10, was 0.93 for a lift coefficient of 0.2. 
A maximum lift+eag ratio of 18.0 wae obtained at Wch nu&ers up to 
0.60. The value of the maximum lift-t&ag ratio decreased with 
further increase in Mach nuxiber to a value of approximately 12 at a Ikch 
nuniber of 0.94. The lift coefficient for maximum lift-to-drag ratio was 
aP?JrOXimRte~ 0.2 throughout the Mach number range. 

c 

. 

Effects of Ieadin@dge Roughness and Elevator--Nose Seal 

The independent effects of leadWg-edge.roughness and removal of 
the elevatornose seal. are presented in figures 24 and 25. The data 
presented in these figures are summarized fn figure 26. The results of 
tests without leadiwdge roughness snd with the elevator nose sealed 
are presented in all these figures for purposes of comparison. 
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The addition of lead-age roughness resulted in a slfght reduc- 
tfon in the lift-curve slope near zero lift and in a reduction in maximum 
lift coefficient (fig. 24(a)). The elevator effectiveness was reduced 
(fig. 25(a)) h w en roughness was applied to the leading edge. The largest 
reduction in the stabilizer and elevator effectiveness occurred at a Pllsch 
n&r of 0.94 where CL, and CQ were reduced by 0.009 per degree and 
0.006 per degree, respectively (fig. 26(a)). 'It can be seen in 
figure 26(a) that leading-edge roughness caused a reduction in the 
absolute value of both ch, and h. The magnitude of this reduction 
increased tith increasing Mach nuniber. 

. 

i 

The effects of leadmdge roughness on the pitchwment effec- 
tiveness of the elevator G and on the pitchi~rrent-curve slops 

c=L 
are presented in figure 26(b). Leadiwdge roughness caused a 

reduction in the effectiveness of the elevator in producing pftching 
moment; the magnitude of this reduction increased tith increasing MEtch 
number. The effect of compressibility on the pitchfwment-curve slope 
at zero lift was reduced by the addition of leadiwdge roughness to the 
model. As would be expected, application of leading-edge roughness 
resulted in en ticrease in drag. Figures 24(d) and 26(b) show that the 
increase of minimum drag coefficient due to leading-edge roughness at 
6 = o" and CL = 0 was about 0.0040 at low speed and about 0 .W30 a'c 
a Mach nuniber of 0.9. 

It can be seen in figure 26(a) that unsealing the elevator nose 
caused slight reductions in C~ and CLS but had no important effects 
on the hin~ment-curve slopes (fig. 26). Ffgure 26(b) shows that 
unsealing the elevator nose had little effect on the pitching-moment 
characteristics of the horizontal tail or on the minimum drag. 

The results of Wnd-tunnel tests conducted to evaluate the inde- 
pendent effects of Reynolds number and %ch number on the aeroasnamfc 
characteristics of a horfzontal. tail of aspect ratio 3.0 with the 
quarter-chord line swept back 45O have been presented. 

acreasIng the Reynolds number from 2,000,OOO to 18,000,000 at a 
Mach nuriber of 0.25 resulted in a sizable reduction In the drag coeffi- 
cient at moderate to high lfft coefficients. The lift characteristics of 
the horizontal tail were little affected by this change inReynolds 
nuniber, but the hinge+roment and pitchipment characteristics of the 
tail were affected by changes in Reynolds number, especially at the 
higher angles of attack or elevator deflectims. 
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As the Mach number was increased from 0.25 to 0.94 the lift-curve 
slope increased 36 percent, the lift effectiveness of the elevator 
increased 20 percent, the pitchfng+uosnt effectiveness of the elevator 
increased 74 percent, and the absolute magnitude of the variation of 
elevator hin@;e-lmomsnt coefficient with either angle of attack or elevator 
deflection increased about 35 percent. These increases were measured 
through 0' angle of attackand 0' elevator deflection. Ths Mach number 
at which compressibility effects resulted in large changes fn the 
elevator hingmment coefficient was dependent upon the angle of attack 
and the elevator deflection. Increasing the Mach nuniber from 0.25 to 
0.94 also caused a reduction in the maximum lift-to-drag ratio of from 
18 to 12 and a sma~ re arward movelnsnt of the aerodynamic center. 

Measuremnts of the pressure difference across the elevator-nose 
seal indicate that, if the elevator were equipped with a sealed internal 
nose balance, the resulting h- nt characteristics of the balanced 
elevator would be nonlinear at the highsr Mach numbers and that only a 
small amount of balancing effectiveness would exist at elevator deflec- 
tfons greater than about 6O or 8O at Mach n&era above 0.90. 

The addition of leadiwdge roughness caused reductions in lift- 
curve slope, elevator effectiveness, stability, and elevator hinge- 
moment paramsters. The magnitude of these reductions increased with 
increasing Mach nu&er. 

Removal of the elevatomose seal caused slight reductions in the 
elevator effectiveness but had no important effects gn the lift-curve 
slope, stability, drag, or hinge+noment parameters. 

. 

. 

Ames Aeronautical Laboratory 
Rattonal Advisory Committee for Aeronatiics 

Moffett Field, Calif. 
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APPLICATION CW TEE EBMUEL+MUEETFACTOlR TOTEEEQ~TIOIVSFOR 

C&, C&, AND. C% FROM RlDTNXE I2 

The equations of reference 12, method 2, have been modified through 
the application of the Prandtl-Glauert rule to account for first-order 
compressibility effects. 

The mthod consists of determining the incompressibl~lm charac- 
teristics of an equivalent wing the lateral dimensfons of which are 

reduced in the ratio of m : 1. The aspect ratio is thus reduced 
and the tangent of the sweep angle is increased as the kch nuniber fs 
increased. The incompressible-flow characteristics of the equivalent 
wing thus derived are then tiified to account for the effects of COW 
pressibility through the application of the PrsndtlGlauert rule. The 
following are the equations of reference 12, n&hod 2, as modified to 
account for the effects of compressibility. 

co8 A, co8 Ah 

where the subscripts 

i average induced value 

6 chsxacteristics of the equivalent wing for incompressible flow 

h hilige line 

C modification to account for the effects of c~ssibility 

Since the term cos Ah merely relates the elevator deflection in 
streamwise planes to the elevator deflection in planes perpendicular to 
the hinge l&e, the value of Ah used in the equations is that of the 
actual wing rather than that of the equivalent ting. 

=% 
Cm Ig [1- ue] + esC (82) 

where the subscripts 
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Is lifting surfaces 

SC induced camber or streamline curvature 

(chg )nzo 
(rs - chs = &F 

COB 4 cos n, -I- 
C 

(‘ha0 )A=Q cos 

m 

A 
8 

where 

In the three-dimensional linearized-compressible flow theory used 
herein to account for the effects of compressibility, the actual aspect 
ratio becomes &p effective aspect ratio or reduced aspect ratio PA 
which approaches zero as M- approaches 1.0. Analysis of the simplified 
lifting-surface theory indicates that when BA becomes less than approx- 
imately 2 the predicted theoretical values will diverge rapidly from the 
experirraental values. For the subject airfoil, the reduced aspect ratio 
becomes 2 at a Mach nu&er of about 0.80. Prediction of the airfoil 
characteristics is not attempted at Mach n-81 above 0.6. The reduced 
aspect ratio $A is discussed in detail in reference 13. 
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In order to determine the pitching mclnent caused by the deflec- 
tion of a flap on a swept-back airfoll, the position of the center of 
pressure must be established. The longitudinal position of the air- 
foil center of pressure with respect to the quarter point of the mean 
aerodynszic chord is established through the use of section data, 
simple sweep theory, end a correction to the location of the section 
center of pressure for the effects of finite aspect ratio. 5SP 
wise position of the center of pressure wfth respect to the plane of 
s-try ca& be established from consideration of the spaxrwise dis- 
tribution of the lift as affected by the deflection of a control 
surf ace. 

Reference 13 presents a method whereby the spsmise loading due 
to flap deflection can be found for wings having a constant sweep of 
the quarter--chord line. This reference shows that, for a ting having 
a constant~rcent chord, full-pan control surface, the spaswise 
position of the center of pressure of the lift due to flap deflection 
is coincident with the s-se center of pressure due to angle of 
attack. Thus, the spar&se location of the center of pressure, for 
the subject model, may be calculated by the Weisainger method. 

The longitude position of the wing center of pressure must 
be determined by less direct means. The knoKp charactertitics of 
the reference section, the IWX 64~010, measured in planes perps~+ 
dicular to a line swept back 45O are used. This line is the locus 
of the quartemhord points of the reference sections. !Phe center 
of pressure due to flap deflection for sn ITAC!A 64AOlO airfoil sec- 
tion having a O.jkhord, plain flap Is located at O.&O chord 
(reference 14). When a linear variation of C, tith CL. at 
CL = 0 and Cm = 0 is assumed, the mount equation referred to 
the quarter-chord point of the airfoil section is 

(cmo.25z)o = 4~~ (c-p., - 0.25) 

17 

@I) 
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, 

where the subscript o indicates the value. for two-dimensional fl&. 
For a finite wing, use is made of equation 1 of reference 15 

c*P.f=' = f$ (C.P.f,' - 0.25) + 0.25 

where 

c.P.f=' center of pressure location of incremental lift load 
due to flap deflection, fraction of chord of sec- 
tions parallel to the plane of symmetry 

C.P.f,' center of pressure location, fraction of chord of 
section parallel to the plane of symmetry 

sot llft-curoe slope of sections parallel to the plane of 
synmretry 

theoretical lift-curve slope of the finite wing, 
computed by the mathod of reference 10 for incow 
pressible flow 

The section lift-curve slope of a swept wing of infinite span may 
be estimated, from simple sweep theory, by the following expression 

a0 
t = 

a0 COB Li 03) 

The geometric relat-ionship between the chordwise center-of~ssure 
position on a tapered swept+ack wing expressed as a fraction of a chord 
parallel to the plane of symmetry in terms of a fraction of a chord 
inclined at the angle of sweepback A is 



I . 

tal?u33JlfitaIl 
c.pyot = 1ttanAtanT 

tf3.u A tsnf3-tan2 A lmle-tanh @+I g 
l+tlmetanA > 

+ c.p.o tan ts.nA-taaT + 
l+tanAtanT 1+tanetarlh > G 

la9lFm E ro 
e mep ofthe leading edge of the f~iteHpm.lwingwithreQh9ct toaperpelldiclllartothe. 

plans of synwtry,aegrees 

A mep of the locus of the quarte&ti pdnte of the 644~010 sections, with reapeat to a 
perpendic+cr to the plane of s-try, degrees 

% substitution of the vdues obtained for a~’ and c.P.~ ’ from equstiom (B3) and (a), 
respectiwly, la equation (B2), this equation can then be raw&en as: 

c 
ta$A-ttmAtemT 

a~ COB A c..p.pl' = *u l+tanAtanT. 
AtanWtm'A 

l-tant9ttinA > 
.+ c.p.o tan +tan.AteJlT 

1 0.5 
J 

+ 0.25 / 035) 
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c 

Through solution of equation (B5) a constant-percent chord line approxi- 
mating the locus of the centers of pressure of sections parallel to the 
plane of s-try was established. The effect of finite aspect ratio on 
the slope of this line near the root and tip sections is neglected. The 
wing center of pressure is defined as the point of intersection of the 
locus of the section centers of pressure with a chord line.(taken paral- 
lel to the plane of symmetry) that passes through the spanwise center of 
pressure (fig. q). 

Etching moments for a wing of finite aspect ratio are referred to 
an axis that passes through the quarter point of the man aerodynamic 
chord and is perpendicular to the plane of syxxcetry. Therefore, in 
order to present the pitching moment in terms of a percent of the mean 
aerodyzamic chord, it fs necessary to consider the change in percent 
localchord that is introduced when the airfoil center of pressure is 
projected to the mean aerodynamic chord (fig. !Z'i'). This change in chord- 
wise position is calculated from the relation 

x = b 
c.p. - 73) 

F 
tan * 

where 

distance to the ting center of pressure measured perpen- %.p. lateral 
dicularly from the plane of symmetry, feet 

-.- 

J.5 lateral distancetothe mean aerodynamic chordmeasured perper~ 
dicularly from the plane of s-try, feet 

sweep of the locus of the section centers of pressure due to flap 
deflection with respect to a perpendicular to the plane of 
symmetry, degrees 

X fraction of the mean aero&yzamic chord 

The longi-hukbal distance to the wing center of pressure on the 
meanaerodynsmic chord X masured fromthe leading edge of the mmn 
aerodynamic chord and expressed as a fraction of the ~IEXUI aerodynamic 
chord can be written as: 

x= C.P.fl' + x (W') , 

where c.p.flt and x, defined by equations (B5) and (B6), respectively, 
are both fractions of the mean aerodynamic chord. - 

If moments are taken about the querter point of the mean aerodynamic 
chord of the finfte wing, the equation can be written as 

%.m = - CL (x - 0.25) 



. 

If a Idnear variation of Cm with CL at CL = 0 and Cm = 0 is aasund, then fxaaa a diffeer 
entiation of equation (B8) with reepect to 0, 

cqj = - CLfj (x - 0.25) (B9) 

Substituting for X, defined by equation (B7) in equation (Bg) 

l- tanAtmlGtan2A 
1ttaletanh > 

+ c.p.0 tatl A tan A-&u T 
1+tm6tan!C >( + 

In modif'ying equatlm (BlO) to account for the effects of compresslbilfty, the assum&lon in 
made that the position of the center of 
Mach number. r 

mme 
The modFfba equation (310 

for 8 given flap deflection is independent of the 
then becomes 



-o.yj t 
l- Cme-taqA 

1ttanCtanA t tan e tan T 1ttanetmln I 

lrhem Q. maybeceabg 0 mm of equation(Al) inappenaixAmd k canbe 

cmphea airectly by the &hod of reference 10. 

. 

, 
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TAmi I.- COCBDINATESFCIRTHK NACA ~~A~~~~KFOIL~ECTION 

[All dimmsions in percent chord] 

Tp&r and Leer Surfaces 

3tation 
0 

050 
l 75 

la25 

52:Z 
7.50 

10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
55.00 
60.00 
65.00 
70.00 
75.00 
80.00 
85.00 
go.00 
95.0 

100.00 - 

ordinate 

0 
.804 
-969 

1.225 
1.688 
2.327 
2.805 
3.1% 
3.813 

4.894 
4.684 
4.388 
4.02l 
3.597 
3.127 
2.623 
2.103 
1.582 
1.062 

.541 
-021 

L. E. radius: 0.687 
T. E. radius: 0.023 
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TABLE IT.- COC.!RDIUWI!ESFCW 5AWOIL SECTIOm PARAmELToPIAmm 
. 

SyMMEmYmmDEL 

[All dinrensions in percent chord] 

Upper and Lower Surface8 I 

Station Ordinate 

0 
063 
.95 

1.57 
3.14 
6.23 
9.29 

12.31 
18.23 
24.00 
29.63 
35.13 
40.49 
45.72 
w-83 

z?:; 
65146 
70.12 
74.67 
79.12 
83.48 
87.74 

;z: 
100:00 

0 
.673 
.811 

1.023 
1.406 
1.925 
2.306 
2.612 

3.757 

2.910 
2.574 
2.213 
1.836 
1.456 
1.083 

0720 
-363 
,014 

. .L 



. I 

Dime&m shown in inches 
unless otherwise nated 

I_ 20.74 

0.25 chord of NACA 64AOlO section 

Elevolor hinge, 0.70 chord 
of NACA 64A010 sections 

. t 

Aspect ratio 3.0 

7iiper ratio 0.5 
Ameo eemim MO83 ftp 

Ehvtor arw 2553 HP 

F 2668 ft 

MA 0.679 ff3 

SeCtEon A - A 

Figure t.- The hotYxont&toil model. 
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. Figure 2.- The horizontal tail model munted in the ADBS S-foot 
preseme w-flla t-1. 





b* ’ 

Longilodml center fine of hmnel 

Air flow 

I----- y Center of rotation Center of rotation 

Figure 3.- 7& location of the wa/l orifices relathte to the model in the Ames 12-15~01’ pressure 
wind funnel. 
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Figure 6. - The effect uf Reyn&s number on the vonS%n of Ir’ft coefficienf 

. 



38 ~CA RM ~51m2 

I I I As=o” I - 

.20 ./6 ./2 .OB .04 0 704 -.08 712 -./6 



X-GA RM A5lDO2 39 

.6 

-.6 
---- 4,OOoJwO 

A 
-. 8 

~2,000,000 

.20 ./6 -12 .08 .04 0 :04 708 :I2 d6 Y20 
Pitcbhg-mment cu8fficien( & 



40 

4 . 
3 

.8 

I I I I I I 

- \ 

.6 
t-t I I I 1 s=o”I I 

. 

Figww 6. - Con&d& 



I I I I I lT=?-YI 
.44 .48 .52 .56 60 for 8,30* 

Drag coefficient, C, 

F& E-T& effwt af AqwoMs numhv on /he wtWion of 167/ coeff&id WI&? dvg 

cueftihh~ a/ 0 Alb#rr rumber of 0.25. 



.5 / 

.4 ’ 

I I I I II I I I I I I I I I I I I I 
R I I I 

I ( 
I I I I I I I I I I I I I I I I I I I 

H ---‘_‘-,,IiiiiiiiiiiiAiiiiii!IIiII 

J 

-.4 

H or&WV 
-4Paopoo 

I I I I I I I I I I .l.A IA IA I/+ I,& I I I 
- 11 11 (I) 1) pfI/qI~Ijiq/&q (1 1 .’ /’ . 

PO -16 -I2 -8 -4 0 4 8 12 I6 20 fore 2,000,000 



G +.- .08 llllI R II 
E ‘G k k 
5 .04 I I I I 

-.I 2 
-16 -I2 -8 -4 0 4 8 12 16 for R,2,000,000 v 

Elevator deflection, 8, deg 



.I6 

0 

-.I6 

-2 
- 0 46 42 -8 4 0 4 8 f2 /6 B 



-08 

.06 

% 
a -.004 

and 

c 700 8 
% 

-.0/z 

c 0 
“CL 

-.04 

5006 
c 

“8 -.008 

2 4 6 8 10 12 /4 /6 
Reynokfs number, Rx /Om6 

18 20 

figure S.- Tie wuriation of CL&+& ,Chs ,CmcL, and Cms with ReynokAs 

number of o Much number of 0.25. 



46 mm RM ~51~02 

. 

8 
4 

3 
8 

.060 

.050 

.040 

.030 

.020 

.0/o 

0 

I I I I I ------ 
--- 

- 0.7 - 0.9 -- - 

/6 

2 4 6 8 10 /2 /4 /6 /8 20 
Reyn0hf.s num&er, Rx/O+ 

. 

Figure IO. - 7he variafions of drag, maimurn /iff- to- drug rufio, und 

hft coefficient ti3f maximum lift - to - drug rufio with Reynokis 
number ut u Much number of 025 ; 8, Of 

. 



.6 

IIIIIIIIIIII-l II l l I l l III1 l 

-.8 I III 1 I I I I I I I I I I I I I I I t 
-t2 -8 -4 0 4 8 I2 I6 20 24 28 32 Ibr M,O.60 

Angle of d&c&, U, abg 

(01 c, YS 4 



4: C I 0 
9 
8 -.04 P, 
8 
3 -08 

M=o.90 I wo.94 I I I I I 
.08 

.04 

CF 

I ! ” ” ! ! ! ! I ! I 

-12 -8 -4 0 4 8 12 f6 20 24 brM,O.60 

. 



RACA RM A53DO2 49 

, 

.8 

.6 

I dl I 
I Yi 

I 
I 

I 

~8 I (7 
. 04 0 704 ~08 for MI 0.60 

Pitch/ng-moment coeffic/enf, Cm 

Figure //I- Confinued. 



Lkag coefficlw, G 

(a/ c, vs c, 

Fim / 1. - Cam-. 



5 

.4 

.3 

*2l I I I I I I I I 

I I I I I I l I.1 1 

/I I I IA I 
AI I IAI I 

I IA I I I I I I I I I 1 
IRI I I I I I I I I I 

Elevator deflection, 8, deg 
/al CL vs 8 

u r 



.28 

.24 

.20 

.f6 
or 
2 8 .I2 
A 
$ .08 
8 
b .04 
2 

8 * 
E -.04 

f -08 

p T/P ‘4 

* h -.I6 

-24 

-‘!24 -20 J6 -f2 -8 -4 0 4 8 J2 16 20 tin- h(O.60 
EkmW oiMh%m, 8, deg 



I 1 
0 I . . I 

PO 
I I I I I I I I 

M~0.60 M10.80 w0.90 M=O94 
.I6 AI I I I I I I I I I IllllAlllhnl I I I I I I 

I I I -Ku I I I . R 
L 

.I I 

t 

-I6 -12 -8 -4 0 4 8 /2 /6 20 for 1W~9.60 
Efevafor deflecth, 8, deg 

id c, m 8 

FM l2.- tZ%nMoW. ul w 



54 IWK!A RMA5lDO2 

-. 

.6 

6 

-/.2 -12 -8 -4 0 4 8 12 /6 20 24 28 32 

Angle of affock, c*, deg 

I 

F/gure f3-7h9 vafiuhn of fiff coeffkienf wifh ongie of uffock. 

R, 4pcw#a7o . 



ma RM ~5~102 55 

* 

r 

.8 

.6 

76 

-.8 

I I I I I I I 
I I I I I I I I 

h 
b 
b 
0 

0 
0 
A 
V 
D 
4 
V 
P 

- 

-/z -8 -4 u 4 8 /2 16 20 24- 28 32 
Angle of oftuck , a, deg 

F&n3 f3.- Cofffcwed. 



l 

- 
56 IYACA RK A5lD02 

.8 

.6 

f/At/ I I I deg I 

/Y/f I I I I u <l I 
-4 I I I I 0 

I I I I I q 
OH 

-21 I 

I 
I I I I I I * -,6, l ] 
I I I I I 

I 
I I I I V 

I I I I I I I rs -gt 
I I I I I I I r-g3_1 

> / I P -30 - 

Tcxz&7 --- 

-LOI q 
I I I I I 1 I 

-/2 -8 -4 0 4 8 /2 16 20 

.- 

L 

Ang/e of offack, CT, &g 

. 

Ffgufe 137 Confhued. 



WCA RM A51~02 57 

/ Il.1 I I 

I I I q -21 I 
IIIA 

V -2 
D -15 
u -20 
V 
-4 I-5; 

/2 /6 

Ang/e of ufiock, a, @fees 

. 



.8 

.6 

8 
deg 

q 6 
i 4 

# 

b 

0 

0 

0 

A 

V 

a2- 
-2 

1; 
- IO 

H v-25 p 

I I I I 

-/2 -8 -4 0 4 8 /2 -8 
-I2 -8 -4 0 4 8 

Angie of of tack, a, deg 

(el M, 0.90; M,O.92; M,O.94. 

F&m /3.- Conchded. 

8 



5 

.4 

.3 

2. 

-J /’ 
, 

I / 

. n I 1 L 

-.P 

-.3 

-.4 

-12 -8 -4 0 4 8 12 I6 20 for As, 0.25 

Ehvofor deflection, 8, deg 



60 NACA RMAYlD02 

.f 6 

./ 2 

08 

.04 

0 

-.04 

708 

-.I 2 

-./6 

-20 

-.24 

-.28 

732 

-.36 

-.40 

-‘44fr,, -8 -4 0 4 8 16 20 24 28 32 
Angle of attuck, a, u’eg 

p@-y 

(0) M, 0.25 

fipre /S-Tie wriotion of elewtor hinge-momen? coefficirkmf 
i&h on@ of affuck. i?, 4pO&%w. 

c 

. 



NACA RM A5lDO2 61 

.36 

.28 

24 

16 

.08 

-./ 6 

,24 

-38 

II IIIIII 11 IIIIII 
‘352 -8 -4 0 4 8 12 f6 20 24 28 32 

Angle of affack ,a, deg 

F&we f?i.- Gonfkwed. 



62 IWfA RM A5lDO2 

.36 

.32 

.28 

94 

-20 
I nr I I I la.1 I 

w I I Ii 

8 .081 

1 i I 

-*,,,, -8 -4 0 4 8 12 16 20 

Angie of uffock,o, deg 

(cl M, 0.80 
T$z&7 

i 

-. . 

c 

Fifglm IS- confhed. 



NACA RM A5lDO2 63 

.36 

.32 

-28 

.24 

-./2 

-./ 6 
-/2 12 16 -8 -4 0 4 8 

Angie of uffuck, a, deg 



64 NK!A RMAWD02 

.36 

.32 

8 .08 
*S c 
b $ .04 

3 
kJ 0 

:04 

-.08 

-./2 

716 

- 

I 

-4 0 4 8 12 

At@ of affack, 4; &g 

20 

(el Al, 0.90. 



NACA RM A5lDO2 f 

.48 

.36 

-28 

P 
“F ./6 

$ 
P 

./a? 

$ -08 

e 6 .04 

0 

716 
-1 

0 q 3 
0 
A 1; 

V 
D r;g 

a -20 
v -25 
q -30 

'2 -8 -4 ’ 4 ’ "-8 -4 0 4 8 12 
Angie of dtuck , a, a’eg 

(fj M,O.92 ; M,O.94 l 

F&we /5- ComWeo! 



24 

.20 
u’ 

I .I6 
g .I2 
k 
5 -08 

2 8 .04 

$ 0 

3 g 704 
Q 
& 708 
3 
-? 
h -./ 2 
lu 

716. I I I \I 
IIf* 0.90 ‘ c 

720 -- l 
M= 0.94 ‘p w- 

-.24 I I I I I I 
-20 -16 -I2 -8 -4 0 4 8 I2 /6 20 for h(O.25 

EfeWor deflecfion, 8, deg 

F&Wn? X--Th VatWon of etemttW Mge-momenf cmffi&td with elevahf d~fhctim . % , 0’; 
R, 4PWOO. 



NACA RM A5lDO2 67 

oh7 
1 1; 
b -4 
h -2 
0 0 
: 2 

A : 
v 8 
D 12 
4 16 
v PO 
q 24 
b 28 

./ -2 .3 .4 .5 .6 .7 .8 .S 1.0 
Mach number, M 



68 NACA RM A5lD02 

.48 

.40 

.36 

.32 

.04 

, 
0 

- 
./ .4 - - .2 .3 3 6 

number, M 
.7 .8 .9 A0 

fw ffpoO 

Figtve /Z - cotxhded. 





0 

? 



i I , I 

Y 
.8 I 

rlP III III I I I I I I I I I I I 
III I I I I I I I I I I I I I I I I I I I I I 

g -.4 
I 

h 
B 

L.8 

0 -1.2 I , I 

Sfation 
h 

y 8 0 

-.4 

-.8 - I I I I 

4 P - 7 

- 2 -24 -/6 -8 0 8 -38-24 -16-8 0 8 
-32 -24 -/6 -8 0 8 -32 -24 -I6 -8 0 8 

Elevator deflection, S, deg 

(cl M, 0.80 

Figure l8.- Coniinued. 



.8 

t i i i iS I i. 

8 
; 4 

s 
2 :8 
$ 9, 

H Stution I I I I I I I I I 
b 

I 
I I 
! ! 

I I I I I I I I I I 
n R 

I I I I I I I I I I I I I I I I I I I III 11 I 

& 
w-- J I u I ,.- 

-9 -.% -15 -8 0 8 -32 -24 -/6 -8 Q 8 
-52 -W -6 -8 0 8 

Elewtof deffecllon, 8, de?g I 

. I I 
I : 

1 . 



I 

.8 

I I I I I I I !-q 
-- I I I I I I I I I I I I I I I I I I 

C-8 0 8 -: . -8 0 8 -32 -24 JE 32 -24 -f6 -8 0 8 
-32 -24 -16 -8 0 8 -32 -24 -16 -8 0 8 

Elewtvr d&k&n, 8, deg 
(8) Ad,o.90; qo.92; yo.94 

F.i.i I&--CoMhrded. 



74 NACA RMA5lD02 

.8 

.20 ./6 .i2 .08 .04 0 704 708 -20 
PifcM?g-mometu UaefficienBnt, c;n 

10) M,O.25 . 

FiQm /9.- TBe wn%an of fiff coefftienf with pitiSg-moment coeffkht . 

R,4,000poo. 



NACA RM A53DO2 

.8 

.6 

-.6 

-.8 t\bI It 1 IA-61 

-- 
i-25 - 
B -30 

p?zJf- 
I I 

.20 ./6 ./2 .08 -04 0 704 ~08 ./2 

. 

Pifchinpmoment coefficient, Cm 

lb/ M’O.60 

Figure t9 - Confihiied. 

t 



76 NACA RM A5lDO2 

i.0 

.8- 
8 

deg 

.6 

Ha -3 m 

~3.21 v 

,.Y 
.2u ./6 ./2 .O8 .04 0 -04 ~08 

~~fChh~-tl?Om8~t CO8ff/C/8nf, cm 

tc) h&O.80 

Figufe /9.- Continued. 

. 
- 



RACA RMA5lDQ2 77 

c 

. 

t-b 6 

-H-l+ 

i I I 

-.4 \ 

. 
bV 

V 

T- 
I I 

401 I I I I I I I I I 
24 .20 ./6 ./2 .08 -04 0 ~04 -.08 ./2 

#Wchhg-moiwn f coefficienf, & 

(d,J M, 0.85 

Figufe 19. - Continued. 



78 

.6 

-.6 

i i i I I ..- r” 
z 

I 

1 
i i i i i I 

-.4 

..4 

0“ .2 . 
% 
-? 0 c1 I\ 

~-- I I t I I 
.f2 .08 .04 0 -.04 -08 712 -16 

P/fch/ng-momenf weffkfenf , C, 

(e) Ad, 0.90; M, 0.92; M, 0.94 

?i@fe IS.- Concf~ecf. 

c 



, 1 

c = 

ii 
I I P 

I I I I I I I I I I 
t$ -.04 
r$ 
8 -&j 

P I 
~~~~~~~M~~25~III~I~lIIUIIAlIIUIIiI 
I I I I I I I I I I 

I I I I 
-20 1 1 1 I 1 I 1 I 1 I I 

-20 -/6 -12 -6 -4 0 4 8 f2 I6 20 for M, 0.25 

-J6 



.8 

.6 

.4 

.2 

0 

-2 

74 



Drag coefficienf , co 

(6) M, 0.60 

Fw Pl.--a 



.6 

.4 

76 

-.8 

-10 
I 32 ,36 .40 .44 for 46’ -0 .04 .08 JP J6 20 24 .26 

Drag coefficient , c, 

fc) M,O.80 

iqww PI.- con-. 



e 
g 

-2 

4 0 
h % 

-.4 0 0 
q 

0 rfl 

A v -2 
D - 15 
Q -.8 -20 v 

-25 9 -WI 
I I I I I I I I I I I I,, ,,I-- 

-LO I i I I I I I I I I I I I I I I I I I i++l 
0 .04 -08 .I2 .I6 -20 .24 .28 .32 .36 for 46’ 

Drag coeffhimt, G 

id) b(O.85 

F&wi9 PI. - Continusd. 



.8 

.6 

.4 

.08 I2 .I6 20 .24 .28 
Drug awfficlw, 6 

(el M, 0.90. 

F&m 2/.-Conhkwd. 

.32 .36 for&S 



, . 

I I I I I 47 -4 . . . . . . . . , I I :: z h 
0 g 
q -2 

, ,‘9,, , , , , , , , , , , , , , , , , , , 

v~~r?lllll~~l bfpA+ PBI I I 
3143 a20 24 for t$S* 0 Do4 08 12 J6 .2O 24 br 8,s’ 

hag coeff/cieni , G Lkag coeffkient , Co 



86 I'IACA RM A3D02 

cr a 
and 

.08 

.06 

-.008 I I I I I I I I ! ’ I I I 

1 1 1 !!! I 

-.08 ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ‘1’ 

-00 4 

--l-t 
-.006 

c -1708 
m8 

-.OlO 

-.0/2 \ 

0 .I .2 .3 .4 .5 .6 .7 .8 .9 LO 

Mach number, M T 

. 



~ARMA~IDO~ 87 

.070 

-060 

e? .050 . 

ii ‘G -040 
k N 

5 .030 

3 
g -020 

.0/o 

0 

-L 

------ ---- 0.7 

----- z2 ---- .* 
- ---- 

--- 

I I I H--i-W-~--l-l-T I 

-0 
0 -2 .3 .4 .S .6 .7 -8 .9 lo 

Much numbef, M 

Figure 23.- The vuriofions of drug, maximum /iff - to - drag rutio, und 
lift coeffkienf fof maximum lift- to - dfug fufio with Mach number. 
R,4,000,000; S, 04 



88 IVACA RMA5lD02 

I I I I , , I 
M10.92 1 1 1 1 1 

.8 

.6 

I I I I I I I I-l I 

-.8 I I I, , 
-/2 -8 -4 0 4 8 12 16 20 24 28 for M, 0.25 

Angle of otfock, t7,&g 

Pi&m 24--71re effmts of&a&g-e&e amghmss and e&wtbf+ms8 std #I 

fhe aem@wmic chmuciefWZs . B , 0. ; R, 4-m. 



12 N4CA RM A5lDO2 89 

.08 

c? 

. 

L 

-e* ‘2 -8 -4 0 4 8 12 16 20 24 28 32 
Angle of off&& , a, deg 

/b) C, vs Q 

figwe 24.- Confhwed. 



RACA RM AXDO 

n 

I I I I I I I I I I I I I I I I I I ~81 
.OB .04 0 704 -.U8 42 for twp.25 

Pifchhg-moment coefficient, & 



.6 

-% .04 .08 12 16 20 .24 .28 .32 36 .40 .44 .48 .52 56 ftwb(o.25 

Drag coeffidenf , C, 

fdJ G vs Co 

Fi P4--. 



. 
.5 , 

1 Mr0.25 1 1 1 M=O.BO 1 1 1 AI=094 1 1 1 1 1 1 1 1 
I I I I M=txm I I I At=090 I I I I I I I I 1 1 I . ._ - . - - 

.4lj/j/j//j/i/)()/j/~l~/kf.iidiiiii 

J 

.2 

J I I I I I I I I I I I VI I WI I WI I WI I WI I I I I I I 

0 

-.I 

- -2 

-..3 

-.4 
III1 1 I III III 

I 
,kj$pq 

ri- -. I I I I I I I I I I I I I I I I I I I I I I 
720 -lb -I2 -8 -4 0 4 8 12 16 20 fw A(O.25 

E/e&or de f/ectitm, 8, deg 

IaJ $ ES B 

, 



. 

0 

704 

-08 

-.I 2 

-./6 

-20 

.24 

Q* .20 

.I 6 

.I2 

.08 

.04 

I I I ,r. -.-I I I I I I , 
1 WO.25 I I I WO.80 “i i’-I- 1 hi4 

I I I I I I I I I I I I I I I I ’ ’ 
20 -/6 -I2 -8 -4 0 4 8 I2 16 20 for M, U.is.2 

Elewtor deflectrion, 8,deg 



.I6 

OE .I2 
. 

$ 08 

.04 

z 0 
ii 
E -.04 

h 
?i ~08 
p 

:I2 

. - 
1 M-O.25 I I 1 

I I I I I I I I I I I I I’ 

720 I I I I I I I I I I I I I J I I I’ I I 
-20 -16 -12 -8 -4 0 4 8 I2 16 20 hrM,~25 

Ehvotof deffectfiq8, &g 

L 

c L 

/cJ c, vs 8 

l7qm 25.-Curd&I. 



WZCA RM A51~02 95 

-.004 
and 

-.008 

%a 
-.00/z 

----- LE. rough, seded 
--- 

--O/6 

-.020 
0 ./ .2 .3 .4 .5 .6 .7 .8 -9 LO 

Mach number, M 

figure 26.- Tie eft&cfs of leoding-edge roughness und e/evdor-nose 

seal on the various oerodynumic pafomefefs with Much number. 

I?, 4,000,000. 



-.08 

-.OCS 
I ! ! ! ! ! ! ! 

-.008 I I I I I I I 

- - - - - LE fougb, seded 

.o/ 2 
in 
.008 

Do4 

0 
0 ./ 2 .3 4 5 .6 .7 .8 .S I.0 

Moth number, M 

. 

I 

I 

. 

figure 2 6. - Condude d. 



. I I L I . z I I 

,- 
P 

t 

rypicat reI,,,nce section-, 

Sweep tine, quarter chord of 
reference sections 

Locus of section centers of pressure 

Elevator hinge fine 

Streamwise chord line passing through the 
sganwise center of pressure 

Mean aerodynamic chord, F 

center of 
ssure 

figure 27 -. Sketch showing the geometric relations used in calculating the paramet’er, C, 
a 



l - 

I 

i 


